We describe a new species of gekkonid lizard, Gekko carusadensis, from low elevation, disturbed and secondary-growth forest in east-central Luzon Island, Philippines. Numerous features of its external morphology distinguish it from other congeners, including the presence of a distinct color pattern, body size, and a unique combination of scale counts. The new species has been found on karst outcrops and cave systems at low elevation. The new species typifies the rapidly expanding known diversity of Philippine gekkonid lizards, and is the third species in the genus to be described in the last three years.
Introduction
The known diversity of Philippine gekkonid lizards has increased rapidly, and now includes ten genera and 42 described species: Cyrtodactylus Gray (6 species), Gekko Laurenti (12), Gehyra Gray (1), Hemidactylus Oken (5; including platyurus [Schneider] , a species formerly assigned to Cosymbotus Fitzinger), Hemiphyllodactylus Bleeker (1), Lepidodactylus Fitzinger (6), Luperosaurus Gray (7), Pseudogekko Taylor (4), and Ptychozoon Kuhl & van Hasselt (1) (Taylor, 1922a,b; Brown & Alcala, 1978; Brown & Diesmos, 2000; Brown et al., 1997 Brown et al., , 1999 Brown et al., , 2007 Brown et al., , 2008 Brown et al., , 2009 Brown et al., , 2010 Gaulke et al., 2007; Welton et al., 2009, in press ).
There are 12 species of the genus Gekko documented in the Philippines, nine are considered to be endemic to the archipelago . Two species possess broader geographic distributions (G. gecko [Linnaeus] , and G. monarchus [Schlegel] ; Taylor, 1922a, b; Brown & Alcala, 1978; , and Gekko hokouensis Pope likely is represented in the country's gekkonid fauna in error (Brown et al., 2008 . The remaining nine Philippine endemic species include G. athymus Brown & Alcala, G. gigante Brown & Alcala, G. mindorensis Taylor, G. palawanensis Taylor, G. porosus Taylor, G. romblon Brown & Alcala, G. ernstkelleri Rösler, Siler, Brown, Demeglio, & Gaulke, G. crombota Brown, Oliveros, Siler, & Diesmos, and G. rossi Brown, Oliveros, Siler, & Diesmos. These species are known to share a combination of morphological traits, including: (1) moderate body size and longer, slender limbs; (2) near complete absence of interdigital webbing or cutaneous body expansions; (3) enlarged dorsal tubercules arranged in longitudinal rows on the dorsum (except G. athymus, dorsal tubercles absent); (4) scales of dorsum between tubercle rows minute, nonimbricate; (5) scales of venter enlarged, flat, imbricate; (6) differentiated postmentals elongate and slender; and (7) subcaudals enlarged, plate-like (Brown & Alcala, 1978; Brown et al., 2007 Brown et al., , 2008 Brown et al., , 2009 
Material and methods
One of us (CWL) collected data from fluid-preserved specimens (Appendix 1). Voucher specimens are deposited in U.S. and Philippine museum collections (institutional abbreviations follow Leviton et al., 1995) . Sex was determined by eversion of hemipenes during preservation (males) and confirmed by noting prominent secondary sexual characteristics such as the presence of precloacofemoral pores and enlarged cloacal spurs in males (both absent in females; Brown, 1999; Brown et al., 1997 Brown et al., , 2007 Brown et al., , 2008 Brown et al., , 2009 . Gonadal inspection was performed whenever possible. Measurements (to the nearest 0.1 mm) were taken with digital calipers following character definitions by Ota & Crombie (1989) , Brown et al. (1997 Brown et al. ( , 2007 Brown et al. ( , 2008 and Brown (1999) . Character abbreviations include: snout-vent length; tail length; tail width; tail depth; head length; head width; head depth; snout length; eye diameter; eye-narial distance; auricular opening diameter; inter-narial distance; inter-orbital distance; axilla-groin distance; femur length; tibia length; Toe I length; Toe IV length; number of supralabials; infralabials; counted both to the center of the eye and posteriorly to the point at which labials were no longer differentiated); femoral pore-bearing scales; expanded subdigital scansors on Fingers I-V; expanded subdigital scansors on Toes I-V; midbody ventral transverse scale rows; midbody transverse tubercle rows; paravertebral tubercles (counted dorsally between midpoint of limb insertions). Gekko carusadensis differs from all other species of Philippine Gekko (i.e., G. athymus, G. crombota, G. ernstkelleri, G. gecko, G. gigante, G. mindorensis, G. monarchus, G. palawanensis, G. porosus, G. romblon and G. rossi) by the following characters (1) moderately large body size (SVL 83.4-97.2 mm for adult males; 79.9-87.5 for females); (2) dorsum gray, with little to no dark gray mottling or transverse bars; (3) moderate number of precloacofemoral pores (46-50) arranged in a continuous, uninterrupted series (pore bearing in males; lacking pores in females); (4) moderate number of mildly conical dorsal body tubercle rows (16-18 midbody; 25-28 paravertebrally).
Systematics

Gekko
Gekko carusadensis differs from its phenotypically most similar congener, G. mindorensis, by the presence of fewer precloacofemoral pores (46-50 vs 52-66); by having 18-20 scansors beneath toe IV (vs. 12-14); by having on average fewer midbody tubercle rows (14-17 vs. 16-20) ; and by G. carusadensis females being larger than G. mindorensis females (79.9-87.5 mm vs. 68.2-70.9). It can be further diagnosed from G. mindorensis by the difference in coloration (light gray with small dark gray mottling versus gray with dark thin transverse bands).
The presence of 46-50 precloacofemoral pores distinguishes Gekko carusadensis from all Philippine congeners, including G. rossi (77) (78) (79) (80) (81) (82) (83) (84) (85) (86) (87) (88) (91-96.7 mm) . Gekko carusadensis is further distinguished from Gekko porosus by the absence of a modified distal femoral porebearing patch (vs. present, composed of a short series of 2 or 3 rows of pore-bearing scales). The new species differs from G. crombota (Brown et al., 2008) by small dark mottling on light gray dorsum (vs. presence of trilobed cream bars) on the body trunk; by fewer (16-18) midbody dorsal tubercle rows (vs. 18-22); and precloacofemorals arranged in a continuous series (vs. 1 or 2 scale separation between preacloacals and femorals; Brown et al., 2008: fig 4B) . Finally, dorsal coloration (light gray with small dark gray mottling) distinguishes G. carusadensis from the highly variable range of patterns exhibited by other Philippine Gekko. These and other differences are summarized in Table 1 .
FIGURE. 2. Image of Gekko carusadensis in life.
Description of holotype. Adult male (PNM 9715, formerly KU 319968; field No. ACD 4537). Snoutvent length 83.4 mm; habitus robust, limbs well-developed, relatively slender, tibia length 15.7% snout-vent length, 77.9% femur length; tail relatively long, 1/2 regenerated; margins of limbs smooth, lacking cutaneous flaps or dermal folds; small cutaneous fold running along ventrolateral margin of trunk.
Head large, characterized by lightly hypertrophied temporal and adductor musculature, as wide as body at widest point; snout flattened, rounded at tip in dorsal and lateral aspect (Fig. 3) ; head width 70.1% head length, 20.8% snout-vent length; head length 29.7% snout-vent length; snout length 55.7% head width, 39.1% head length; dorsal surfaces of head relatively smooth, with pronounced concave postnasal, prefrontal, interoribital, and parietal depressions; auricular opening large, oval, oriented slightly lateroposteriorly from beneath temporal swellings on either side of head; tympanum very deeply sunk; orbits large, bordered anteriorly by slightly distinct supraorbital crests; eye large, pupil vertical with crenulated margins (Fig. 3) ; auricular opening 64.3% eye diameter, interocular diameter 16.1% head width.
Rostral large, rectangular, twice as broad as high, with two dorsomedial depressions between raised posterodorsal projections that form the anterolaterally-projecting edge of the nares and anterior suture of the supranasals; nostril surrounded by rostral, the first labial, an enlarged, round, convex supranasal, and two small postnasals; supranasals separated by two large internasals, anterior and posterior, anterior in contact with rostral. Total number of differentiated supralabials 13/13 (L/R; 10/10 to center of eye), bordered dorsally by one row of slightly differentiated snout scales; total number of differentiated infralabials 11/10 (10/9 to center of eye), bordered ventrally by one row of enlarged scales and four rows of only slightly differentiated chin scales; mental triangular; mental and first four infralabials greatly enlarged and wrapping onto ventral surfaces of chin, ≥ twice the size of infralabials 5-11; mental bordered posteriorly by a pair of slender, elongate postmentals; postmentals in medial contact for 3/4 their length, bordered posterolaterally by a secondary pair, less than one half the length of first pair, and a tertiary pair of non-elongate, hexagonal lateral postmentals, ≤ one quarter the length of primary postmentals; postmentals bordered posteriorly by 1 scale row of slightly enlarged, irregular scales; followed immediately by a sharp transition to non-differentiated chin and gular scales; postrictal scales slightly enlarged, 2 or 3 times the size of gular scales; remainder of undifferentiated gular scales very small, round, juxtaposed (Fig. 3) . Dorsal cephalic scales highly heterogeneous and varied in shape and disposition; scales posterior the nares and loreal region somewhat enlarged, round, oval to subrectangular, and convex; postnasal, prefrontal, and interorbital depressions with noticeably smaller scales; palpebral scales homogeneous, larger than adjacent interorbital region intermixed on posterior half with slightly raised tubercles; undifferentiated temporal region scales granular, flat to irregularly convex, reducing in size posteriorly, interspersed with numerous highly enlarged, protuberant and conical tubercles; nuchal region with small, juxtaposed, flat trunk scales interspersed with enlarged sharply conical body tubercles; pectoral region with enlarged cycloid, imbricate scales, increasing posteriorly through venter, becoming very enlarged and strongly imbricate.
Ornamental occiput scalation includes numerous tubercles on posterolateral portions of head (temporal, supratympanic, and postrictal regions; Fig 3) and a short curved series of 2 enlarged, bluntly conical preorbital scales anterior to a row of slightly enlarged preorbitals (Fig. 3) ; circumorbitals differentiated into the following distinct regions: (1) 12 minute precircumorbitals, dorsal three with spine-like projections, (2) 8 enlarged, flat, squarish circumoribtals dorsoanterior to orbit, (3) 17 transversely elongated fringe-like spiny ciliaria across dorsoposterior margin of orbit.
Axilla-groin distance 42.8% snout-vent length; undifferentiated dorsal body scales round to irregularly octagonal, convex, nonimbricate, relatively homogeneous; dorsals sharply transition to imbricate ventrals along the ventrolateral adipose fold; dorsals lack interstitial granules but interspersed with 14 irregularly transverse rows (26 paravertebral rows) of slightly enlarged and protuberant dorsal body tubercles; 43 transversely arranged ventrals; scales on dorsal surfaces of limbs larger than dorsals, with interspersed enlarged tubercles extending down limbs, especially concentrated on radioulnar segment of forelimb and the anteriodorsal region of femur and entirety of dorsal tibia/fibia region of hind limb, terminating at the dorsal surfaces of hands and feet; enlarged patches of distinct imbricate scales present on wrist, anterior (prebrachial) surface of upper arm and anterior thigh, on knee, and on distal ventral surface of hind limb, just before attachment of foot; scales on dorsal surfaces of hands and feet similar to dorsal limb scales; ventral body scales flat, cycloid, strongly imbricate, much larger than lateral or dorsal body scales, largest at midventral line and pectoral region; gular scales small and granular, smaller than lateral and dorsal head scales.
Forty-nine dimpled pore-bearing scales (Fig. 4) in a continuous precloacofemoral series each punctured with light orange exudate; precloacofemorals arranged in a wavy, obtuse, inverted "V" and continuing just past mid-thigh; inferred "precloacal" pores 2-3 times the diameter of inferred "femoral" pores (Fig. 4) ; precloacofemorals preceded by three similarly enlarged but non-dimpled scale rows; precloacals followed by enlarged scales that extend down to the edge of the cloaca, femoral series followed abruptly by small scales which continue around the posterior edge of the hind limb.
Digits moderately expanded and covered on palmar/plantar surfaces by bowed, unnotched, undivided scansors (Fig. 4) ; no interdigital webbing; scansors of manus: 14, 13, 14, 16, and 16 on right digits I-V respectively; pes: 14, 14, 17, 18, and 16 on right digits I-V respectively; scansors of manus and pes bordered basally (on palmar and plantar surfaces) by 1-4 slightly enlarged scales that form a near-continuous series with enlarged scansors; all but first digit clawed; terminal claw-bearing compressed phalanges, with large recurved claws, not free until beyond dilated portion of digit.
Tail base bordered by a double, greatly enlarged conical postcloacal spur on each side of vent; postcloacal swellings pronounced; hemipenes completely everted; half of tail regenerated; tail depth (not including basal postcloacal swelling) 85.5% tail width; tail slightly depressed, ovoid; dorsal surface with small infrequent tubercles, concentrated along posterior edge of annulations, caudals similar in size to dorsals, but arranged in rows; subcaudals enlarged, plate-like, 2 rows per annulus, widely expanded to cover most of ventral surface; distal portion regenerated; tail with clear autotomy scar and distally regenerated portion, 8 annuli before autotomy scar (37 mm), autotomized portion 48 mm.
Measurements of holotype (in mm). Snout-vent length 83.4; axilla-groin distance 35.7; Tail length 82.5; Tail width 6.9; Tail height 5.9; head length 24.8; head width 17.4; snout length 9.7; eye-narial distance 8.2; interorbital distance 3.7; internarial distance 2.8; eye diameter 5.6; auricular diameter 3.6; tibia length 13.1; femur length 16.8; Toe I length 5.9; Toe IV length 8.4.
Coloration of holotype in preservative. Dorsal ground coloration of head, body, tail and dorsal surfaces of limbs light gray with scattered, irregular, dark gray mottling. The mottling of dark gray is without pattern, slightly increased in concentration around the vertebral, nuchal, scapular, and sacral regions. Dark bands on original portion of tail just prior to autonomy scar Dorsal and lateral surfaces of head similar to dorsal ground color; supraocular region dark black from eyes; rostral and supralabial regions light gray; infralabials very light gray; infra-auricular region light gray, slightly lighter than medium gray supra-auricular region.
Limbs colored as torso, lacking transverse banding; dorsal surfaces of hands and feet light gray with heavy dark gray mottling; digits medium gray with cream spots; tail medium gray with dark gray bands on distal portion of original tail, no bands for proximal 1/3 of tail; regenerated portion dark gray.
Ventral head, neck, and torso white; ventral surfaces of limbs slightly darker with black flecks; ventral surfaces of digits (scansors) dark gray; palmar and plantar surfaces medium gray; precloacofemoal region white with light orange pores; ventral surfaces of tail medium gray, not banded.
Variation. The type series contains six large adult males with hemipenes everted, two gravid females, and one juvenile. Dorsal color pattern is similar across the type series (Fig 5) . All males exhibit nearly identical coloration, with a lack of distinct pattern; specimens (KU 320484-5) are slightly darker than the other males. A single female (PNM 9716) has more concentrated dark mottling, but still lacks a distinct pattern. The mottling in the single juvenile (KU 319986) is concentrated into transverse bands starting at the scapular region and continuing down the tail, with 9 bands from head to tail margin. The juvenile banding is assumed to fade and disappear in the adults.
Ventral coloration is more variable than dorsal coloration: ventral body surfaces are white to medium gray; subcaudal coloration is medium to dark gray. Two males (KU 319970, PNM 9717) have dark gray speckling concentrated in the axilla-groin region and two others (KU 320484-5) have diffuse speckling throughout the ventral surface, including the gular region. Females with a lighter ventral color, more similar to the holotype, but not as immaculate.
Etymology. Gekko carusadensis is derived from the word "Carusadus" which refers to a region in Slovenia with extensive Karst topography (Kranjc, 2001 ). This region is considered the origin of the term "Karst" (Kranjc, 1998) , the current term for the type of topography in which the new species occurs. Suggested common name, Luzon Karst Gecko.
Distribution. Gekko carusadensis is known only from the type locality (Fig. 1) . Ecology and natural history. We observed the new species to be very common in karst habitat within the Biak na Bato park. Lizards were only found on the karst rock, never on vegetation. They were common within the caves and crevaces that make up the park habitat and could be found on the outside surfaces of the caves at night. Sympatric gekkonid species include Cyrtodactylus philippinicus (Steindachner), Gekko gecko (Linnaeus), Gehyra mutilata (Wiegmann), Hemidactylus frenatus Schlegel, and Hemidactylus platyurus (Schneider). None of the sympatric species occupied the karst habitat, but were found in abundance in the more disturbed areas of the park near or on buildings. Cyrtodactylus philippinicus could be found on trees near the karst rocks.
Discussion
The description of Gekko carusadensis brings the total number of endemic Philippine species of the genus Gekko to 10 (13 when nonendemics G. gecko and G. monarchus are included and the single doubtful record of G. hokouensis is excluded). The known species diversity within the genus has increased steadily over the last three years (Brown et al., 2008; , and we are confident that the currently recognized species diversity is still highly underestimated (Brown et al., 2008 .
In addition to the new species reported here, numerous Philippine gekkonid taxa continue to await description, including several additional species of Gekko from the Babuyans and Batanes island groups , morphologically cryptic Gekko lineages masquerading in the taxonomy of "widespread" species complexes such as G. mindorensis (Siler et al., unpublished data) , several undiagnosed lineages of the genus Cyrtodactylus (Siler et al., in press) , and undescribed species of the genus Luperosaurus Gaulke et al., 2007; 2010) .
It is very clear that Philippine gekkonid diversity is substantially underestimated 2008; in press; Gaulke et al., 2007; Welton et al., 2009, in press ). Based on current studies in progress (Siler et al., pers. comm.) we expect the number of Philippine gekkonid taxa to increase by 30-50% in the near future and we hope an improved understanding of the evolutionary diversity is this conspicuous group of Philippine vertebrates will contribute to conservation efforts aimed at preserving the remaining forested regions of the country.
